Proliferation and differentiation of human osteoblastic cells associated with differential activation of MAP kinases in response to epidermal growth factor, hypoxia, and mechanical stress in vitro.
In an attempt to elucidate the specificity of pathways from environmental stress to cellular outcome via mitogen activated protein kinases (MAPKs) activation, we examined the responsiveness of cultured human osteoblastic periodontal ligament (PDL) cells to epidermal growth factor (EGF), hypoxia, and mechanical stress, in terms of cell proliferation, differentiation, and associated activation of three different types of MAPK. Cell proliferation was promoted in the presence of 10ng/ml of EGF or in hypoxic conditions (5% O2), whereas it was inhibited by cyclic stretch (9% strain, 6 cycles/min), which was used as a model of mechanical stress. Conversely, the alkaline phosphatase activity, a marker for osteoblastic differentiation of the cells, was increased by cyclic stretch but decreased by EGF and hypoxia. The mitogenic response of PDL cells to EGF or hypoxia was associated with the selective phosphorylation and activation of extracellular-related kinase (ERK) 1/2, while phosphorylation and activation of c-Jun N-terminal kinase (JNK) was observed in mechanical stretch loaded cells. No such changes were seen in p38 protein. These findings suggested that stress-responsive changes in proliferation and osteoblastic differentiation of PDL cells are selectively mediated by ERK 1/2 and by JNK, respectively, and that a balance between these two pathways determines the cell fate.